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ECENT development of techniques for in vitro growth of leucocytes and the preparation of chromosome spreads from such cultures have generated renewed interest in the chromosomal complement of animal cells. While such interest has naturally centered on the cells of man, some attention has been given to those of domestic animals. Karyotypes prepared from peripheral leucocyte cultures have been published for the pig (McConnell et al., 1963) and for the horse, donkey, and mule (Trujillo et al., 1962) . Successful culture methods for bovine leucocytes have been described by Biggers and McFeely (1963) and by Ulbrich et al. (1963) , although these authors did not attempt the tedious job of karyotyping this species. Sasaki and Makino (1962) presented well-assembled models of the chromosomes of cattle and horses taken from cultured somatic cells. Makino (1943) studied histological sections of testes and established that the sheep normally has 54 chromosomes. Borland (1964) has published an idiogram of male sheep chromosomes obtained from bone marrow cells; Melander (1959) presents similar drawings from cultured cells of embryonic origin. The present study was undertaken to determine the requirements for in vitro growth of sheep leucocytes and the chromosomal characteristics of such cells.
Materials and Methods
The basic culture method of Basrur and Gilman (Personal communication) was employed for the in vitro culture of leucocytes. This method utilizes 1 ml. of whole blood for the inoculation of cultures, thereby eliminating the time and risk involved in separating the white cells and has given very good results. Blood samples were drawn into sterile, heparinized tubes and thoroughly mixed. One 1This manuscript is pubIished with the permission of the Director (ff the University of Tennessee Agricultural Experiment Station, Knoxville.
Operated by the Tennessee Agricultural Experiment Station for the U.S. Atomic Energy Commission under Contract No. AT-40-1-GEN-242. milliliter of whole blood was then added to a sterile, 3-oz. prescription bottle containing the following premixed ingredients: 7.15 ml. of Medium 199 (Hyland), 2.5 ml. of fetal calf serum (inactivated at 56 ~ C. for 30 inin. and filter sterilized), 0.13 ml. of 4% NaHCO3 in saline (filter sterilized), 0.5 ml. of phytohemagglutinin-M (Difco), 200 units of penicillin and 200 mcg. of streptomycin. The bottles were tightly capped, mixed gently and laid on their flat side in an incubator at 37 ~ C. Cultures were allowed 70 hr. of undisturbed incubation; 0.15 ml. of 10 -4 molar colchicine (in Hanks solution) was then mixed into each culture and incubation was continued for an additional 4 hr.
The culture bottles were then agitated gently to break all cells loose from the wall, and the culture was transferred to a graduated, 15-ml. centrifuge tube. After 5 min. of centrifugation at 800 g the supernatant was drawn off with a pipette, and the cells were gently resuspended in 4 ml. of Hanks solution and centrifuged for 5 rain. at 450 g. All except 1 ml. of the supernatant was removed, the cells were resuspended, and 3.5 ml. of distilled water at 37 ~ C. was added slowly with constant agitation. Samples were then held for 10 rain. in a water bath at 37 ~ C., centrifuged at 450 g for 3 rain., and the supernatant was poured off. Four to 6 ml. of 1:3 acetic acid-methyl alcohol fixative was pipetted gently down the side of each tube onto the "button" of cells. If the cell pack was unusually thick, the tip of a Pasteur pipette was passed down the side of the pack and lifted slightly to allow better penetration of the fixative. Cells were left for 20 rain. and then suspended in the fixative by repeatedly drawing them into a Pasteur capillary pipette and forcibly expelling them back into the centrifuge tube. This action was carried out enough times and with sufficient force to break apart all appreciable clumps of cells. Centrifugation (200 g for 3 min.) and decanting of the supernatant were followed by resuspension in 4 ml. of fixative:; this step 551 was repeated two or three times and the last suspension was made in 1 to 2 ml. of fixative.
One drop of the cell suspension was placed on a clean, wet slide and allowed to air-dry. Slides were stained for 30 rain. in 1% orcein dissolved in 85 ml. of 1:1 lactic acid-acetic acid mixture and 15 ml. of water. Four gentle rinses of 10 to 15 seconds each in tertiary butyl alcohol were used to remove excess stain. Cover slips were applied after a final rinse in xylene.
Scorable metaphase preparations were selected by scanning slides using a 16X objective and 12.5X oculars. Actual scoring was done using a 100X oil-immersion objective. Photomicrographs of selected preparations were taken on Kodak contrast process ortho film. Individual chromosomes were cut from prints and aligned in pairs to form the karyotype. 
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Results and Discussion
Totals of 50 raetaphase figures from males and 50 from females were examined, and their chromosome number distributions are given in table 1. These cells came from four crossbred ewes, two crossbred wethers and two purebred Suffolk rams. The modal number of 54 chromosomes agrees with previously published values for sheep (Makino, 1943; Melander, 1959; Borland, 1964) .
Figures 1 and 2 are karyotypic reconstructions of representative female and male cells. Three pairs of autosomal chromosomes can be readily distinguished from the remaining 23 by their length and slightly submedian centromeres. Pair 1 is clearly the longest, while pairs 2 and 3 cannot be readily distinguished from each other. All of the remaining 23 pairs of autosomes are acrocentric, and, while the longest are distinguishable from the shortest, there is such a gradual change in length that the establishment of meaningful group- ings is impractical at this time. In very good preparations chromosomes of some pairs show small knobs on their centromeric end, although they cannot be identified consistently enough for use as criteria for the karyotype. Satellite chromosomes and arms with deletions were not encountered.
Whereas Borland (1964) illustrated both the sex chromosomes of the sheep as being quite small, our preparations indicate that the X chromosomes are the largest of the acrocentric members, having an average length approximately 1.15 times that of the next longest pair. In the female karyotype the X chromosomes might easily be mistaken for an autosomal pair; however, in the male a very small and probably submetacentric Y chromosome is readily identifiable. When the karyotype is prepared, the remaining unpaired member (therefore the male X chromosome) is longer than any of the other acrocentrics and appears identical to the X chromosomes of the female. We therefore conclude that, instead of being very small, the X chromosomes of the sheep are quite prominent in terms of size.
The chromosomal complement of the sheep is far from ideal, when identification of a majority of the individual pairs is necessary. This species may, however, be preferred for studies where quick identification of a small portion of the chromosomes is desired and where the relatively easy technique of leucocyte culture can be employed.
S u m m a r y
Preparations of metaphase chromosomes of the sheep were obtained by a peripheral leucocyte culture technique. The modal number of chromosomes was found to be 54. Three pairs of autosomes are readily identifiable as submetacentric, while the :'emaining 23 pairs are acrocentric and not easily distinguishable from each other. The X chromosomes are the largest of the acrocentric members, while the Y appears as a very small and probably submetacentric chromosome.
